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Abstract 

Background/Objectives: Catalase (CAT) plays a pivotal role in cellular redox homeostasis by 

catalyzing the decomposition of hydrogen peroxide, thereby mitigating oxidative damage. Impaired 

CAT function has been linked to chronic inflammation, deregulated cell proliferation, and 

oncogenesis. While numerous CAT variants have been reported, their functional relevance in 

prostate cancer (PCa) remains unclear. This study investigated CAT genetic variants, enzymatic 

activity, and potential pathogenic significance in PCa. Methods: Peripheral blood samples from 17 

patients with prostate cancer (PCa) and 17 patients with benign prostatic hyperplasia (BPH) were 

processed for genomic DNA extraction and quantification. Reported missense variants were screened 

using public genomic databases. Pathogenicity was predicted with SNPs&GO, PolyPhen-2, and I-

Mutant 2.0. Protein modeling was performed with UCSF Chimera, and structural quality was 

assessed via Ramachandran plots. Two selected variants (L299F, A333T) were genotyped using the 

rhAmp™ SNP assay. Serum CAT activity was quantified spectrophotometrically (240 nm) following 

Aebi’s protocol. Results: CAT activity was significantly reduced in PCa compared to BPH (1.44 ± 0.24 

vs. 1.91 ± 0.25 U/mg protein, p = 0.033), with no association to age, PSA levels, or comorbidities. In 

silico predictions identified variants K177T, G216V, and L351P as potentially deleterious, while N452S 

appeared benign. Genotyping revealed that all participants were wild-type homozygous for L299F 

and A333T. Conclusions: PCa is characterized by diminished CAT activity independent of the 

investigated variants, suggesting an alternative regulatory mechanism, such as epigenetic regulation 

or post-translational modifications, may drive CAT downregulation. These findings support further 

investigation into CAT as a potential biomarker and therapeutic target in oxidative stress–mediated 

prostate carcinogenesis. 

Keywords: catalase; oxidative stress; genetic variants; prostate neoplasms 

 

1. Introduction 

The imbalance between antioxidant activity and the increase of reactive oxygen species is 

associated with various human diseases, including neurodegenerative, cardiovascular diseases, and 

cancer [1–3]. Among the main antioxidant enzymes is catalase (CAT), which plays a central role in 
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decomposing hydrogen peroxide (H₂O₂), preventing cellular oxidative damage. CAT is in 

peroxisomes and is one of the most efficient known enzymes, as it can convert millions of H₂O₂ 

molecules per second [4,5].  

Given its important protective activity, changes in its expression or function can alter cellular 

homeostasis and promote certain abnormal processes such as chronic inflammation, deregulated cell 

proliferation, and treatment resistance [6–8]. Specifically, in cancer, CAT appears to have a complex 

role, acting as a protective antioxidant in some situations and as a driver of tumor aggressiveness or 

treatment resistance in others [6,7].  

Despite the recognition of CAT's functional importance, little is still known about the specific 

impact that mutations may have on its enzymatic activity, especially those of uncertain clinical 

significance [9,10]. Some variants have been reported in genomic databases, but their functional 

consequences remain unclear. Understanding how mutations in CAT alter its activity could provide 

new insights into the pathophysiology of oxidative stress-related diseases such as cancer and 

potentially identify biomarkers or personalized therapeutic strategies [7,11,12].  

In this study, we combined an in silico and experimental approach to identify and characterize 

potentially pathogenic mutations in the human CAT gene. Through structural and functional 

prediction tools, variants with potential impact on enzymatic activity were selected, genotyped in 

human samples, and finally, their functional effect was evaluated through enzymatic activity assays. 

Therefore, this study aims to identify functionally relevant variants in CAT, establishing a connection 

between bioinformatic prediction, genetic analysis, and functional validation.  

2. Materials and Methods 

2.1. Sample Collection and Processing  

Peripheral venous blood (4 mL) was collected in EDTA tubes from individuals submitted to PSA 

analyses at the Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado “Dr. Miguel 

Angel Camacho Zamudio”, with informed consent. Samples were stored at 5 °C and then centrifuged 

at 3500 rpm for 10 minutes at room temperature (22–25 °C). Plasma (500 µL) was aliquoted and stored 

at −20 °C; the cellular pellet was kept at 5 °C for DNA extraction. Individuals were classified as 

prostate cancer patients (PCa) or prostatic hyperplasia patients (PH), according to the diagnosis 

confirmed by a medical specialist assigned to the institute.  

2.2. DNA Extraction and Quantification  

DNA was extracted in duplicate from 300 µL whole blood using the micromethod of Gustincich 

[13] with modifications: lysis at 68 °C, chloroform extraction, CTAB treatment, NaCl wash, ethanol 

precipitation, and resuspension in TE buffer at 55 °C for 3 h. DNA purity and concentration were 

measured spectrophotometrically (DS-11, DeNovix®) at 260/280 nm with 320 nm correction. Samples 

were normalized to 10 ng/µL. Integrity was verified by 1.5% agarose gel electrophoresis.  

2.3. Variant Selection and In Silico Analysis  

Missense variants in CAT classified as VUS or pathogenic were identified from NCBI, UniProt, 

ClinVar, SNPedia, and PDB. Variant c.997G>A (p.Ala333Thr) was selected. The CAT crystal structure 

(PDB:1DGF) was analyzed with UCSF Chimera; structural validation was done by Ramachandran 

plot in WinCoot. Functional impact was predicted using SNPs&GO, PolyPhen-2, and I-Mutant 2.0 at 

25 °C, pH 7.0. Mutagenesis and conformational changes were modeled in PyMOL 3.0.  

2.4. Genotyping by rhAmp™ SNP Assay  

Genotyping of 34 patients, comprising 17 PCa and 17 PH, was performed in 10 µL reactions 

containing 5.3 µL Master + Reporter Mix (20:1), 0.5 µL probe, 2.2 µL water, and 2 µL DNA (10 ng/µL). 

Probes were labeled with FAM (allele G) and YakimaYellow (allele A); ROX was used as reference 
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dye. PCR: 95 °C 10 min; 40 cycles of 95 °C 10 s, 60 °C 30 s, 68 °C 20 s; final extension at 99.9 °C for 15 

min. Reactions were processed on StepOnePlus™ and analyzed with TaqMan Genotyper Software 

v2.3.  

2.5. CAT Activity  

CAT activity was determined in the study population according to the method described by 

Aebi [14], with slight modifications. Briefly, 6 µl of serum was mixed with 120 µl of 15 mM H₂O₂ 

dissolved in a 100 mM phosphate buffer solution (pH 6.5), after which the reaction kinetics were 

carried out immediately for five minutes. Readings were taken every 10 seconds at 240 nm using an 

EPOCH 2NS microplate spectrophotometer (Biotek Instruments, Inc., Winooski, VT, USA). CAT 

activity was expressed in U/mg of protein. One unit of CAT activity was defined as the amount of 

enzyme required to catalyze the breakdown of 1 mmol of H₂O₂ per minute at 30 °C.  

2.6. Protein Concentration  

Protein concentration in the serum was determined according to the method described by 

Bradford [15]. Briefly, 5 µL of serum was mixed with 250 µL of Bradford reagent (B6916, Sigma 

Aldrich) and incubated for 10 minutes at room temperature (25°C). Absorbance was measured at 595 

nm using an EPOCH 2NS microplate spectrophotometer (Biotek Instruments, Inc., Winooski, VT, 

USA). The results were calculated from a bovine serum albumin standard curve (0.1–1.4 mg/mL).  

2.7. Statistical Analyses  

For antioxidant data, differences between experimental groups were assessed using the Mann-

Whitney U test [16]. The statistical tests were conducted using RStudio v4.1, with a significance level 

set at p < 0.05. The results were visualized using a violin and boxplot generated with the ggplot2 

package v3.4.3.  

3. Results 

3.1. CAT Activity  

Figure 1 shows the serum CAT activity in both groups. The CAT activity was significantly 

decreased in the PCa group (1.44±0.24 U/mg of protein) in comparison to the control group (1.91 ±0.25 

U/mg of protein) (p = 0.033).  

 

Figure 1. CAT activity (U/mg protein) in control and cancer groups. The blue boxplot represents the control 

group; the pink boxplot corresponds to the PCa group. The level of significance is indicated according to a 

Mann–Whitney test (p < 0.05). 

No significant correlation was observed between CAT enzymatic activity and either age or 

serum PSA levels in patients with PCa (p = 0.607 and p = 0.379, respectively). To assess whether the 
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dysregulation in CAT activity observed between patients with and without cancer might be 

associated with comorbidities such as diabetes mellitus or arterial hypertension, the potential 

influence of these conditions was evaluated; however, no statistically significant differences in CAT 

activity were found concerning these pathologies (p = 0.222 and p = 0.186, respectively).  

3.2. In Silico Analysis of CAT Variants  

A search for genetic variants of the CAT enzyme was conducted in the ClinVar database from 

NCBI, initially retrieving 67 mutations. After initial evaluation (excluding conflicting classifications 

between studies and mutations reported as benign or probably benign), nine variants were selected: 

K177T, G216V, L299F, A333T, L351P, M392I, V450M, N452S, and H466P.  

The selected variants were evaluated in silico using I-Mutant 2.0, SNPs&GO, and PolyPhen-2 to 

estimate their potential impact on CAT stability and function (Table 1). According to I-Mutant 2.0, 

eight mutations were predicted to be potentially disease-associated, while N452S was classified as 

neutral. SNPs&GO predicted a decrease in protein stability for all variants except K177T. 

Consistently, PolyPhen-2 classified most mutations as probably damaging, including K177T, G216V, 

A333T, L351P, V450M, and H466P, indicating a high likelihood of functional disruption. L299F and 

M392I were considered possibly damaging, reflecting a moderate potential impact, whereas N452S 

was also predicted as benign, suggesting no significant effect on CAT function. These converging 

predictions suggest that several of the variants may compromise the structural integrity or enzymatic 

activity of CAT, warranting further structural and functional validation. 

Table 1. SNP effect prediction. 

Mutation  
I-Mutant2.0  SNP&GO  PolyPhen-2  

Prediction  IR  Stability  IR  Prediction  Score  

K177T  Disease  7  Increase  1  Probably damaging  0.999  

G216V  Disease  9  Decrease  1  Probably damaging  1  

L299F  Disease  9  Decrease  6  Possibly damaging  0.509  

A333T  Disease  9  Decrease  8  Probably damaging  1  

L351P  Disease  7  Decrease  8  Probably damaging  1  

M392I  Disease  10  Decrease  6  Possibly damaging  0.771  

V450M  Disease  7  Decrease  8  Probably damaging  0.997  

N452S  Neutral  6  Decrease  8  Benign  0.005  

H466P  Disease  10  Decrease  1  Probably damaging  0.996  

  

 Structural validation of the selected variants was based on the crystal structure of human CAT 

available in the Protein Data Bank (PDB) under the accession code 1DGF. Three-dimensional 

visualization using UCSF Chimera confirmed that residues L299, A333, and V450 are present and 

well-defined in the model (Figure 2a). Additionally, it was verified that the entire amino acid 

sequence of chain A is represented without gaps (Figure 2b), supporting the suitability of this model 

for further structural studies.  
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Figure 2. Evaluation of the three-dimensional structure of CAT. (a) Three-dimensional model of the CAT crystal 

structure generated using UCSF Chimera from the PDB code 1DGF. (b) Complete amino acid sequence of the A 

chain of the CAT protein. 

  

Figure 3. Ramachandran graph derived from the CAT structure 1DGF. 
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3.3. Stereochemical Validation of the Protein Structure  

To assess the overall quality of the structural model, a Ramachandran plot was generated using 

WinCoot (Figure 3). The analysis revealed that 94.4% of residues fall within favored regions, 4.7% in 

allowed regions, and only 0.87% were outliers, indicating that the model has an appropriate 

stereochemical conformation and is structurally reliable for subsequent modeling and simulation 

analyses.  

3.4. Mutational Status  

Allelic discrimination genotyping for the L299F and A333T mutations was performed in the 

study population. All individuals (100%) exhibited the homozygous wild-type genotypes: CC for 

L299F and GG for A333T, respectively.  

 

4. Discussion 

The significant decrease in serum catalase activity observed in PCa patients compared to 

controls highlights a critical impairment of the antioxidant defense system, reinforcing the well-

established link between oxidative stress and prostate tumorigenesis. Catalase enzymatically 

decomposes hydrogen peroxide, a reactive oxygen species that causes DNA damage and activates 

oncogenic signaling pathways such as PI3K/AKT and NF-κB, which promote tumor cell proliferation 

and survival [17–19]. Reduced catalase activity leads to an accumulation of ROS, intensifying 

oxidative damage and supporting a microenvironment conducive to cancer progression [20].  

Our computational analyses provide compelling evidence that specific catalase missense 

variants could severely disrupt the enzyme’s structural integrity and function. Using multiple 

complementary in silico prediction tools such as I-Mutant 2.0, SNPs&GO, and PolyPhen-2, we 

identified several mutations (including K177T, G216V, A333T, L351P, V450M, and H466P) as likely 

deleterious, consistently predicted to destabilize the protein or impair its catalytic activity. These 

tools have demonstrated reliability in predicting the impact of mutations on protein stability and 

function [21,22]. Structural validation using the human catalase crystal structure confirmed that these 

residues reside in critical, conserved regions essential for enzymatic activity [12].  

Stereochemical analysis using the Ramachandran plot revealed that 94.40% of the residues were 

located in preferred regions, 4.73% in allowed regions, and only 0.87% as outliers, exceeding the 

structural quality criteria established in the literature, where it is considered acceptable for more than 

90% of residues to be located in favored regions [23,24]. These results are consistent with studies of 

high-resolution models that allow for a small percentage in permitted regions associated with flexible 

zones, while the low proportion of outliers contrasts positively with lower-resolution models that 

typically have values above 2% [25]. The combined computational evidence strongly indicates these 

variants may compromise catalase’s role in maintaining redox balance, a key factor in preventing 

oxidative damage linked to prostate cancer progression.  

However, genotyping analysis of two prioritized variants, L299F and A333T, in our cohort 

revealed exclusively wild-type genotypes, indicating these mutations are absent or extremely rare in 

the Mexican population. Similar observations have been reported in studies where potentially 

deleterious variants predicted by computational tools were not detected or found at very low 

frequencies in specific populations [26]. This finding indicates that despite the strong theoretical 

pathogenic potential predicted by bioinformatics tools, these coding mutations do not account for the 

observed reduction in catalase activity in our patient group. This disparity underscores a crucial 

consideration: while in silico analyses are powerful for identifying candidate pathogenic variants, 

their actual prevalence and functional impact in clinical populations require validation through 

genetic and biochemical studies [27,28].  

It is important to contextualize these results within the broader genetic landscape of catalase 

regulation in PCa. Existing literature suggests that common variation influencing catalase activity 
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predominantly resides in promoter or regulatory regions, such as the rs1001179 (C-262T) 

polymorphism, which modulates transcriptional expression rather than coding sequence alterations. 

These regulatory variants have been consistently associated with changes in catalase levels and 

cancer risk in multiple populations, emphasizing that modulation of gene expression is likely a more 

significant driver of enzymatic activity changes than rare missense mutations [9,29].  

Additionally, catalase activity can be influenced by post-translational modifications and 

oxidative inactivation mechanisms that do not involve genetic mutations, further complicating the 

relationship between genotype and enzymatic phenotype [30,31]. The limited sample size for 

genotyping in this study may also reduce the likelihood of detecting rare pathogenic variants. 

Moreover, serum catalase activity reflects the integrated effect of multiple factors beyond single-gene 

mutations, including environmental and epigenetic influences.  

Functionally, androgen receptor signaling has been shown to suppress catalase expression, 

leading to increased ROS accumulation and enhanced PCa cell proliferation via FOXO3a-mediated 

pathways. Experimental catalase knockdown models demonstrate decreased tumor cell proliferation 

and migration, highlighting the enzyme’s pivotal role in modulating tumor aggressiveness [32–34]. 

These findings suggest that transcriptional repression and post-translational mechanisms may 

contribute more substantially to reduced catalase activity in PCa than rare coding variants.  

In summary, this study integrates computational, structural, genetic, and biochemical evidence 

to highlight catalase as a critical player in PCa pathophysiology. While in silico analyses identified 

potentially damaging catalase variants with strong theoretical impact on enzyme function, their 

absence in the current cohort indicates that other regulatory and non-genetic mechanisms underlie 

the decreased enzymatic activity observed. Future comprehensive studies should combine broad 

genetic screening, gene expression profiling, and functional assays to fully elucidate the complex 

regulation of catalase in PCa and its potential as a biomarker or therapeutic target.  

 

5. Conclusions 

This study demonstrated that PCa significantly reduces the enzymatic activity of CAT, 

independent of age, serum PSA levels, or comorbidities such as diabetes mellitus or high blood 

pressure, suggesting that the decrease in CAT activity is attributed to the presence of cancer. In silico 

predictions indicated that mutations such as K177T, G216V, and L351P may compromise CAT 

stability and function, whereas genotyping revealed wild-type genotypes for L299F and A333T in 

both groups. Thus, the observed decrease in CAT activity could also reflect mechanisms beyond the 

analyzed variants, potentially affecting its expression or function. The findings highlight the role of 

the enzymatic antioxidant system in the tumor microenvironment, potentially influenced by 

epigenetic, regulatory, or post-translational factors. However, validation in larger and more diverse 

populations is required to confirm these observations and clarify the interplay between mutations on 

enzyme function and the metabolic and epigenetic regulation of PCa.  
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